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Limitations of Biomarkers of Exposure in 
Cancer Epidemiology 
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In recent years, there has been increasing interest in 
the use of biomarkers of exposure in cancer epidemiol¬ 
ogy. In addition, markers of early stages of the disease 
process, or of individual susceptibility, are expected to 
provide new insights into the mechanisms of cancer 
causation . 1 In particular, there has been an explosion of 
interest in “molecular cancer epidemiology,” which has 
been defined as: 

“an approach in which advanced laboratory methods are used 
in combination with analytical epidemiology to identify at the 
biochemical or molecular level specific exogenous agents 
and/or host factors that play a role in human cancer causa¬ 
tion ." 2 

Despite the cautious conclusion oi some reviewers 3 
that molecular epidemiology is a field that has shown 
significant promise but only limited success to date, 
others have argued that: — ’ 

“We ate in the era of molecular research. . .. Progress in the 
molecular approach to biology and medicine has stimulated 
and excited both the public and researchers, who now believe 
that these advances can be applied to the study, prevention, 
and control of health risks faced by human populations. . .. 
The use of molecular markers represents a quantum leap in the 
evolution of epidemiologic ideas .” 1 

The term “molecular epidemiology” is itself question¬ 
able. Branches of epidemiology are usually defined in 
substantive terms describing the types of exposure (for 
example, occupational epidemiology) or disease (for ex¬ 
ample, cancer epidemiology) or the groups of subjects 
under study (for example, pediatric epidemiology). It is 
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unusual to define a branch of epidemiology in terms of a 
particular set of techniques (for example, no one uses the 
terms “statistical epidemiology" or “questionnaire epide¬ 
miology”); to do so places emphasis on the techniques, 
rather than on the hypotheses to be investigated. 

In this paper, we will consider biomarkers of exposure 
as a broad group, but we will focus on the newly devel¬ 
oped molecular markers of exposure and compare them 
with more traditional methods of exposure assessment. 
We will not discuss biomarkers of early disease and 
susceptibility , 11 which involve very different scientific 
-and public health issues. This paper is not intended to be 
a comprehensive review; rather, our intention is to dis¬ 
cuss die general issues involved in using biomarkers and 
to place them into perspective. In particular, we will 
argue that there are considerable scientific limitations to 
the use of biomarkers of exposure in cancer epidemiol¬ 
ogy studies, that the current overemphasis on this ap¬ 
proach is misplaced, and that biomarkers have both 
strengths and limitations relative to other methods of 
exposure assessment. Some of these limitations apply to 
the biomarkers currently available and may be overcome 
with further technologic developments, but there are 
many situations in which the use of biomarkets is inap¬ 
propriate even in principle. 

We will concentrate on the situation where a single 
exposure-disease relation is under study, although the 
exposure in question may be a complex mixture (such as 
tobacco smoke). This approach does not consider the 
interdependence of multiple agents, or more general 
issues, such as how human populations become exposed 
and susceptible , 5 or the role of general improvements in 
nutrition, housing, and income . 6 Nevertheless, there is 
an important rote for studies of specific agents, in both 
scientific and public health terms, and it is in this area 
that biomafkers have the greatest potential. 

Successful Uses of Biomarkers of Exposure 
Biomarkers of exposure are neither new nor lacking a 
record of considerable success in epidemiology. For ex¬ 
ample, liver function assays, urinary phenol levels, and 
blood lead levels have long been used in occupational 
epidemiology . 7 Similarly, markers of viral exposures have 
played a major role in many epidemiologic discoveries. 
A recent example is the use of a technique ( the poly¬ 
merase chain reaction) for the identification of human 
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Papillomavirus deoxyribonucleic acid (DNA), which 
provided strong evidence of a more important role of 
this virus in the etiology of human cervical cancer than 
had previously been recognized. 3 Similar successes have 
been achieved with other oncogenic viruses, such as the 
hepatitis B virus. 9 

Another successful use of biomarkers of exposure in 
cancer epidemiology relates to the association between 
dietary exposure to aflatoxins and liver cancer risk. 10 
This association had heen recognized for nearly 20 
years, 11 but until recently, almost all of the epidemio¬ 
logic studies were ecologic or were based on relatively 
poor exposure information, such as consumption of pos¬ 
sibly contaminated food. Biomarkers of exposure to af¬ 
latoxins were shown recently to be associated with ele¬ 
vated liver cancer risk. 12 Although these markers only 
reflect recent exposures, it is likely that they provide a 
better measure of historical aflatoxin exposure than is 
provided by personal interviews or market surveys of 
contaminated food stocks, 13 since the level of contami¬ 
nation varies greatly, owing to temporal and Local fac¬ 
tors. 

Thus, situations" in which molecular biology tech¬ 
niques have enhanced the identification and quantifica¬ 
tion of important risk factors for human cancer primarily 
involve exposure to viruses or other biological agents. In 
other contexts, the historical evidence for the value of 
biomarkers is less encouraging. Most major causes of 
cancer have been discovered and quantified on the basis 
of questionnaires (for example, tobacco smoking) or 
questionnaires combined with environmental measure¬ 
ments (for example, asbestos). 

Current Limitations of Biomarkers of Exposure 

HiSTORicAL Exposures 

Perhaps the major limitation of biomarkers is that they 
usually only indicate relatively recent exposures. For 
example, it is well known that serum levels of micronu¬ 
trients reflect recent rather than historical dietary in¬ 
take. 14 For many cases of cancer, exposures that occurred 
10-30 years previously are etiologically relevant. Some 
biomarkers are better than others in this respect (par¬ 
ticularly biomarkers for exposure to biological agents), 
but even the best markers of chemical exposures reflect 
only the last few weeks or months of exposure. For 
example, a marker such as thiocyanate, which has a 
half-life of up to 14 days, is regarded as a marker of 
“long-term” exposure. 15 In the case of DNA adducts, 
Wilcosky and Griffith 16 argue that: 

“a typical case-control study of cancer and chemical exposures 
could not rely on this type of biological marker. The relevant 
exposures occur many years before disease diagnosis, and any 
DNA adducts from the relevant exposure period will probably 
have disappeared or be indistinguishable from .adducts formed 
more recently." 

On the other hand, with some biomarkers (for exam¬ 
ple, serum levels of 2,3,7,8-tetrachlorodibenzo-p-diox- 
in 17 ), it may be possible to estimate historical levels if 


the exposure period is known, the half-life is relatively 
long (and is known), and it is assumed that no signifi¬ 
cant exposure has occurred more recently, or if it is 
reasonable to assume that exposure levels have remained 
stable over time. 

Nevertheless, historical information on exposure sur¬ 
rogates will often be more valid than current direct 
measurements of exposure or dose. This situation has 
long been recognized in occupational epidemiology, 
where the use of work history records in combination 
with a job-exposure matrix (based on historical exposure 
measurements of work areas rather than individuals) 
usually is more valid than current exposure measure¬ 
ments (whether based on environmental measurements 
or biomarkers) because of changes in exposure levels 
over time. 18 Similar problems may occur in the measure¬ 
ment of other ^carcinogenic exposures. For example, 
even the best currently available measures of exposure to 
tobacco smoke, such as plasma or urinary cotinine, ap¬ 
pear to have similar validity to questionnaires for the 
measurement of current exposures 19-21 ; their very short 
half-life makes them inferior to questionnaires in the 
estimation of historical exposures. On the other hand, 
some biomarkers would appear to have value in the 
validation of questionnaires, 22 which can then be used to 
measure historical exposures. 

Individual Temporal Variation 

It might be hoped that these problems of using biomar¬ 
kers to measure historical exposures can be minimized in 
cohort studies involving stored biological samples (per¬ 
haps to be used in nested case-control studies). Never¬ 
theless, such biological samples may not validly measure 
long-term patterns of exposure when there are signifi¬ 
cant variations in exposure over time, unless samples 
have been taken repeatedly over the course of the study. 4 

Study Size and Power 

A further problem with tire use of biomarkers in cancer 
epidemiology studies (and particularly in cohort studies) 
is that of small numbers. Even large multicentric cohort 
studies often struggle to obtain sufficient numbers to 
assess risks of rare cancers from occupational expo¬ 
sures. 23,24 The use of biomarkers may be a major problem 
in this regard, since the resulting expense and complex¬ 
ity may drastically reduce the study size, even in a 
case-control study, and therefore greatly reduce the sta¬ 
tistical power for detecting an association between ex¬ 
posure and disease. The optimal balance between preci¬ 
sion and validity depends on a number of considerations, 
including the relative costs of the various exposure mea¬ 
surement techniques. 2 ’ Thus, for a biomarker to be use¬ 
ful, it must be substantially better than less expensive 
and less invasive approaches. 

Inherent Limitations of Biomarkers 

Many of the current limitations of biomarkers in cancer 
epidemiology, particularly those relating to study size 
and historical exposures, will presumably be overcome as 


PM3006509376 


Source: https://www.industrydocuments.ucsf.edu/docs/stgj0001 



192 PEARCE ET AL 


Epidemiology Match 1995, Volume 6 Number 2 


more valid, convenient, and inexpensive biomarkers are 
developed. There are, however, more inherent limita¬ 
tions of biomarkers that will continue to restrict their 
applicability. 

What Does a Biomarker Measure? 

One key problem with biomarkers is that they measure 
the internal dose (the “biologically effective dose 1 ’) 
rather than the external exposure. This characteristic is 
often claimed to be their main benefit,- 6 but for many 
biomarkers (for example, mutagenic activity in urine), it 
is not always clear whether one is measuring the expo- 
sure, the biological effect, or some stage of the disease 

process itself. 17 Thus, the findings may be uninterpret- 
able in terms of the causal association, between exposure 
and disease. 

In fact, there are few clear examples that demonstrate 
that biomarkers will more clearly reflect the individual 
response to exposure, 28 and hence individual cancer risk. 
In this context, the .most, pertinent question is.nor 
whether a biomarker predicts disease, but whether it 
predicts it better than simpler methods of exposure as¬ 
sessment. For example,, the presence of pLeural plaques 
presumably reflects individual susceptibility or high cu¬ 
mulative-exposure to-asbestos, or both, but there is little 
clear evidence that the presence of pleural plaques is a 
better predictor of lung cancer risk than more traditional 
exposure measures based on the intensity and duration 
of exogenous asbestos exposures. 27 

When it is known that the “biologically effective 
dose' 1 is the most appropriate measure, then the use of 
appropriate biomarkers clearly has some scientific ad¬ 
vantages over other methods of exposure assessment. 
Choosing the appropriate biomarker is a major dilemma, 
however, and biomarkers are frequently chosen on the 
basis of an incomplete or erroneous understanding of the 
etiologic process, or simply because a particular marker 
can be measured. An environmental exposure (for ex¬ 
ample, tobacco smoke) may involve hundreds of differ¬ 
ent chemicals and may produce hundreds of measurable 
biological responses/A biomarker typically measures one 
of the biological responses to one of the chemicals. If the 
chosen biomarker measures the key etiologic factor, then 
it may yield relatively good exposure data; on the other 
hand, if a biomarker is chosen that has little relation to 
the carcinogenic component of the complex exposure 
mixture, then the biomarker will yield relatively poor 
exposure data. The potential for such problems is shown 
by the observation that, among individuals who smoke 
similar amounts of tobacco, the number of benzo- 
(a)pyrene covalent binding sites to DNA may vary 100- 
fold across individuals. 29 Thus, very poor exposure data 

will be obtained if the wrong biomarker is chosen. For 
example, plasma cotinine appears to have a nonlinear 
relation to the number of cigarettes smoked per day, 30 
which in turn is strongly predictive of lung cancer risk; 
thus, plasma cotinine may be a relatively poor quanti¬ 
tative marker of exposure to the constituents of cigarette 
smoke that are etiologically relevant to lung cancer. 


An analogous example is the role of dietary micronu- 
trients in the prevention of cancer. Numerous studies 
have shown that the consumption of green and yellow 
vegetables is protective against a range of cancers, but 
the identification of the specific dietary micronutrients 
involved has remained elusive. 31 Although it is likely 
that an antioxidant mechanism is involved, the various 
antioxidants appear to act in synergy, 29 and it is unclear 
whether epidemiologic studies will be able to identify 
the specific micronutrients involved, whether this would 
be useful in public health terms, or whether it is appro¬ 
priate scientifically to view such a complex process in 
such reductionist terms. 5 

Biomarkers May Introduce Confounding 
A related problem is that biomarkers usually indicate the 
total exposure to a substance from al! sources. This 
blending may be inappropriate for attempting to assess 
the effects of a particular environmental exposure. For 
example,, measuring polycyclic aromatic ..hydrocarbon 
(PAH)-DNA adducts may be.problematic in an occu¬ 
pational study, since PAH-DNA levels reflect exposures 
from, all sources, including industrial pollution, fossil 
fuels, dietary exposures, and cigarette smoke, and are 
influenced by seasonal variations. 29 Such markers may be 
more susceptible to confounding chan traditional mea¬ 
sures/ since other risk factors for cancer may be more 
strongly associated with these additional routes of expo¬ 
sure than they are associated with the main exposure 
route of interest. _ 

Consider a study of lung cancer and polycyclic aro¬ 
matic hydrocarbon, exposure in a group of factory work¬ 
ers. If the workers are classified according to polycyclic 
aromatic hydrocarbon exposure on the basis of industrial 
hygiene monitoring, then the percentage of smokers 
(and the mean number of cigarettes smoked per day) will 
usually be similar in the groups with low, medium, and 
high levels of occupational exposure to polycyclic aro¬ 
matic hydrocarbons (since these groups are defined 
purely on environmental levels of polycyclic aromatic 
hydrocarbon exposure in various job categories and de¬ 
partments, and these exposures will usually be unrelated 
to cigarette smoking 32 ). In this situation, cigarette smok¬ 
ing will not he a major confounder. If workers are clas¬ 
sified according to PAH-DNA levels, however, then 
these levels will indicate total exposure to polycyclic 
aromatic hydrocarbons from all sources, including ciga¬ 
rette smoking. Thus, cigarette smokers will be more 
likely to be in the “high-polycyclic aromatic hydrocar¬ 
bon exposure” group, and this group will therefore con¬ 
tain a higher proportion of smokers (and a higher mean 
number of cigarettes smoked per day) than the medium- 

or low-polycyclic aromatic hydrocarbon exposure groups 
(since some of the total polycyclic aromatic hydrocarbon 
exposure comes from cigarette smoke). The dose re¬ 
sponse will then be confounded by cigarette smoking, 
and the “high-polycyclic aromatic hydrocarbon expo¬ 
sure” group may show a higher lung cancer risk that is 
not due to. polycyclic aromatic hydrocarbon exposure, 
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bur is actually due co the other carcinogenic constituents 
of cigarette smoke. 

Application to Public Health Policy 
Finally, it should be noted that the “biologically effec¬ 
tive dose” is rarely of interest in terms of public health 
policy, since regulation is usually based on environmen¬ 
tal exposure levels. There are exceptions to this, and 
there are some instances (for example, serum lead levels) 
in which regulations may he based on individual mea¬ 
surements (or occasionally even on individual suscepti¬ 
bility). But die practical difficulties and implicit dangers 
of this approach are also widely recognized; it usually is 
more appropriate and more feasible to regulate work 
place exposures (thus placing responsibility on the em¬ 
ployer) rather than to regulate individual workers (who 
may suffer punitive measures and loss of employment). 

Conclusion 

The current enthusiasm for molecular biology tech¬ 
niques in epidemiology is analogous to other technologic 
advances in medicine and public health in recent de¬ 
cades. For example, the development of increasingly 
sophisticated methods of statistical analysis in recent 
decades has brought about a revolution in the practice of 
epidemiology. The unnecessary use of sophisticated 
methods of daca analysis has been, questioned more re¬ 
cently, and the strengths and limitations of such meth¬ 
ods have been placed into a more appropriate perspec¬ 
tive, 33 although these voices have perhaps not been the 
predominant ones. 

Cancer epidemiology is now experiencing a compara¬ 
ble revolution in methods of exposure assessment. Once 
again, it is important that the strengths and limitations 
of these new tools are recognized and placed into per¬ 
spective and that the findings obtained from complex 
biomarkers of exposure are checked against those from 
more straightforward (and historically reliable) methods, 
including questionnaires, routine records, and environ¬ 
mental monitoring. For these reasons, although cancer 
epidemiologists will continue to use biomarkers, tradi¬ 
tional methods of exposure assessment will also continue 
to play an important role, which will be complemented 
(but not replaced) by the cautious use of newer and more 
complex methods of exposure assessment. Otherwise, 
there is the constant danger that epidemiologic “prob¬ 
lems” will be chosen to utilize molecular biology tech¬ 
niques, while more important public health problems are 
ignored. 
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